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Program Overview 

Funding

Á Total project funding

o DoE share: $752,002

o Cost share: $200, 236 

Overall Project  

Performance Dates
1/1/2021  - 12/31/2022

Project Participants

Á PI: Steven. S. C. Chuang, Akron

Á Students: J. King, Huhe, S. Billy, S. Starkey, and 

P. Hollopeter 

Á Co-PI: Redouane Begag, Aspen

Nicholas Leventis, Aspen

Overall Project Objectives

- To develop a novel VSA process by 

designing, fabricating, and refining the 

structure of amine sites which can 

accommodate various climate conditions, 

testing the low vacuum swing process, 

evaluating scalability, and cost and life 

cycle analysis.

- To determine the cost-effectiveness of the 

proposed technology.
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Technology Background

Temperature Swing Adsorption (TSA) Vacuum Swing Adsorption (VSA) 

T0 = heating temperature

Pilot-Scale 

Fluidized Bed Unit
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TSA
- Sorbent degradation

- Thermal energy

VSA
- Ambient temperature

- Low energy

Technical advantages:
- Operation at ambient 

temperature without the input 

and removal of thermal energy 

of the sorbent bed. 

- Scalable and modular design

Technical challenges

- Identification of amine sites 

for weakly adsorbed CO2. 

- Production of high purity CO2

(>99%)

- Fabrication of hierarchical 

sorbents with a high density of 

weakly adsorbed CO2 sites.

- Construction of a low leakage 

vacuum swing unit. 

-

1 meter



Technology Background

IR absorbance of adsorbed CO2 as a 

function of time during Ar purge at 150 

cm3/min at 25 oC. The slope of the IR 

decay curve corresponds the rate of 

desorption of weakly adsorbed CO2.

20 wt% TEPA, 20 wt% PEG/SiO2

10 wt% TEPA, 10 wt% PEG/SiO2
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- In situ infrared (IR) spectroscopy coupled 

with mass spectroscopy (MS) allows 

simultaneous monitoring the dynamics of 

adsorption and desorption of strongly and 

weakly adsorbed CO2 on amine sorbents.

- The project goal is to populate the porous 

and stable structure with high density of 

weakly adsorbed CO2 sites for the vacuum 

swing adsorption.   

Progress and Current Status of Project
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weakly 

adsorbed CO2

strongly adsorbed CO2

Attenuated total reflectance (ATR )

Diffuse reflectance infrared
Fourier Transform Spec (DRIFTS)
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Identification of weakly adsorbed CO2 sites allows design and preparation of a 

hierarchically structure of amine sorbent for low vacuum swing adsorption
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Technical Approach/Project Scope

a. Experimental design and work plan

- Preparation, characterization, and test of sorbents with weakly adsorbed   

CO2 sites 

- Fabrication and test of a Kg scale vacuum swing adsorption unit for 

capture of CO2 from air. 

b.     Project schedule

c.     Project success criteria

Decision

Point

Date Success Criteria

1 12/1/2021 Both sorbent plates and sorbent particles exhibit the same

level in vacuum swing adsorption CO2 capture capacity.

Reaching the target listed in State-Point Data

2 2/1//2022 Completing the construction of the Vacuum Swing

Adsorption unit

12/31/2022



Risk Management 
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Additional Photos of Samples and Lids

KD100BMSPA: contains 4.92 mmol amine/g
KD75BMSPA: contains 5.96 mmol amine/g

CO2 capture capacity for thermal swing adsorption 

Progress and Current Status of Project



(a)  In situ infrared (IR) 

spectroscopy coupled with mass 

spectroscopy (MS) allows 

simultaneous monitoring the 

dynamics of adsorption and 

desorption. 

(b) MS profiles of the gaseous 

effluent from the IR cell during a 

CO2 capture cycle: (i) 

pretreatment, (ii) CO2 adsorption, 

(iii) Ar purge to remove weakly 

adsorbed CO2, (iv) TPD 

(temperature-programmed 

desorption) to remove strongly 

adsorbed CO2. 

(c) CO2 capture from air and CO2

capture from 0.2% CO2.

Technology Approach
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weakly 

adsorbed CO2

strongly adsorbed CO2

Attenuated total reflectance (ATR )

Diffuse reflectance infrared
Fourier Transform Spec (DRIFTS)
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Progress and Current Status of Project

Amine-based sorbents
- CO2 adsorption prior 

to H2O adsorption

- CO2 desorption prior 

to H2O desorption  
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Progress and Current Status of Project
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Control the density of amine 

sites: Additives, Amino 

acids, and polyamines
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Progress and Current Status of Project

- Search for formulations 

of amine sorbents which 

provide a high density of 

weakly adsorbed CO2

Å Additives 

Å Amino acids

Å Polyamines



PEG / amino acid / silica (molar ratio: 1 : 1 : 1)
CO2 Capacity: 0.46 mmol/g

CO2 Capacity: 0.41 mmol/g

Weakly-adsorbed CO2: 87% 

Progress and Current Status of Project

- PEG/amino acid provides both strongly and weakly 

adsorbed sites for CO2 and water. 

- CO2 capacity and rate from 15% > CO2 capacity 

and rate from air 


